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ABSTRACT. A detailed investigation of the liAt scattered by solutions of blank and 
dyed samplers of colluloae acetate in acotono Ixas been flarried out. The method developed 
by Horn et al, has boon employed for tho estimation of molecular length L of the cellulose 
acetate molecules from the observed depolarisation factor Pf, and the angular distribution 
of intensity. In a solution of dyed samples the dye molecules cause a shielding betu^ een 
the dyed rnoleeulos, thus producing a decrease in intermolecular interaction. Dyeing in general 
causes a straightening of the wave-like form of tho colluloae acetate molecules thus producing 
an increase in molecular length. In this respect surface dyeing is less ofifective than eitlier 
the intori Dr dyeing or full penetration. The dispersion of depolarisation Pv and dissymmetry 
Z of the scattered light from those samples have also bean discussed from considerations of 
intermolecular and intramolecidar interactions.
14
I N T R O D U C T I O N
Light scattering studies on solutions of cellulose acetate in acetone were 
carried out for the first time by Doty and Kaufman (1945). A more extensive 
study on cellulose acetate was made by Stein and Doty (1946). They deter­
mined the particle size, shape and molecular weight of cellulose acetate in 
aceteme and established that the smaller molecules were fully extended in solu­
tion i.e,, the molecules were more or less rod-like, but the laiger ones were built 
up in the form of gentle waves.
The present work on the scattering of light in cellulose acetate solutions 
was undertaken in order to study the effect of dyeing on cellulose acetate. Here 
the cellulose acetate molecules will he assumed to be rod-like after Stein and 
Doty (1946) because the theory of light scattering has been thoroughly dealt 
with for rod-shaped particles. *
* Commanicated by Prof. B. S. Krishnan.
135
13G K . Svbramanian a/nd 8 . R. Sivarajan
2. P R E P A K A T I O N  OP S A M P L E S
The cellulose acetate used here is a secondary cellulose acetate staple fibre 
soluble in acetone and only about 2.5 groups on an average are acetylated. For 
practical purposes this has been taken as blank cellulose acetate fibre.
The dyed samples of cellulose acetate were prepared in the following manner. 
The samples were deposited by double decomposition technique for PbCr04, 
Pbl2 and Ag. The washed and boiled fibres were immersed in saturated lead 
acetate solution for a few hours, the excess liquid was squeezed out and then 
the fibre was immersed for a few hours in 5%  K^CrgO  ^for getting PbCr04 deposits, 
fibre-f PbA c==^PbA c+fibre+K 2Cr207= # P b C r 04 on fibre KAc etc. The fibre 
was immersed in polyiodide solution for P bl2 deposits. For Ag deposits, the 
fibres were immersed in AgNOj solution for a few hours and the excess AgN03 
solution was squeezed out. The fibres were then immersed in boiling 3%  glucose 
solution, whereby reduction of Ag was completed. Fibres were all finally 
thoroughly washed, soaped and boiled in water, dried and combed out to remove 
loosely adhering particles.
Three types of dyeing were employed.
(a) Fully 'penetrated : This was accomplished by prolonged soaking of 
the fibres (1 week) in each of the solutions used.
(b) Interior dyed : These samples were obtained by stripping of from the 
fibre surface the deposits formed there using dilute acid for 15-25 seconds.
(c) Surface dyed : These were obtained by immersion in each of the solu­
tions used for 15-30 minutes.
The dye deposits in the surface dyed samples are in the grooves of the surface 
only. Interior dyed fibres contain deposits only in the channels inside the fibre, 
while the fully penetrated dyed fibres are interior and surface dyed.
The eleven samples obtained are the followiixg :—
1’ Blank cellulose acetate
2 PbCrO* on cellulose acetate (fully penetrated)
3 91 f f  9 9 (surface dyed)
4 9» 9 )  99 (interior dyed)
5 P b l, 9 9  99 (fully penetrated)
6 9 9  9 9 (surface dyed)
7 9 9  99 (interior dyed)
8 Ag 9 9  9 9 (fully penetrated)
dev with HgOj.
9 9 f 9 9  99 (surface dyed)
10 Ag 9 9  99 (fully penetrated)
dev with glucose
11 9 9  9 9 (surface dyed)
Odhdose 'Acetaie S^uii&ns \%'t
10 mgs o f each sample was carefully weighed and dissolved in 100 ml o f double 
distilled analar acetone. This was taken as the parent solution. Its concen­
tration was obviously 0*01 gm/ml. The lower concentrations o f the samples 
were then prepared by ^ u tm g  the parent solutten adding known volumes o f the 
solvent. In this marnner for each sample, four^different solutions with concen­
trations (0*01, 0*005, 0*0025 and 0*00125 gm/lOO cc) were prepared.
These samples were prepared at the chem|oal laboratories of ATIRA and 
the physical measurements were carried out a f  the Physics Department o f the 
Indian Institute o f Science.
i X P E R I M E N T A L  ID E T A I L S
.tering were carried out with, a 
le optical arrangement is 
ilier tube served as a detector 
the current from the PM. A
Th® measurements o f the intensity of S( 
phptoelectric photometer constructed here, 
conventional type. A RCA 931-A photomuli 
A cathode follower amplifier was used, to am 
balanced arrangement was employed to minimile the drift voltages. The ampli­
fied output was read on a microammeter or oh s. sensitive galvanometer when 
more accuracy was required. The readings obtained with this instrument were 
found to be quite reliable. This was checked by comparison with a Brice-Phoenix 
instrument.
Provision was made for interposing polaroids in the incident and scattered 
sides for getting vertically and horizontally polarised components. The sensiti­
vities of the photomultiplier set up for vertically and horizontally polarised 
light were measured and the differences were found to be usually less than two 
per cent. Necessary corrections were made in the readings taken with the instru­
ment while^working with cellulose acetate solution.
The sample t^ be studied was kept in a cylindrical glass vessel which was 
provide^^ w it^  ftq,t|;ejaed openings for entrance and exit of the ,incident beam. 
Measurements of the angular distribution of the intensities of the three com­
ponents Fy, Vk and o f the jsoattered light >vere carried out for the follow­
ing values o f the scattering angle d\ 45®, 55®, 65®, 75®, 90®, 105®, 115® and 
wl25® from the forwiwrd direction. For each sample the angular distribution o f  th6 
intensity o f scattered light were measured for three different wavelengths, namely, 
436» A, 5461 A, 5790 A and for four different concentrations. All the readings 
Mrere converted to the same arbitrary unit. These values were corrected for 
e^eciive volume by multiplying them by the corresponding value o f sin > 6^.^
4. R E S U L T S  f .
. > Z^abte I  givQS tii^ e oorr^ted values of intensity of scattering for various anglei|i 
i<lbr.;t}|e'/#iFee components for one typical case, namely, PbCr04 on cellulo^ 
acetal^.(interioi: dyed) o f concentration 0-005 gm/100 cc at 5461 A.
6
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Fig. 3. Variation of witli sin 0/2.
TABLE II 
Particle length
No. Samples Ltmgth A .U.
1 . Blank oolluloso aeetato • 560
2. PbCrO  ^ (F. Penetrated) 430
3. PbCr04 (S. Dyed) 960
4. PbCr04 (l.Dyed) 1280
n. PUT2 (F. Penetrated) 980
e. Pbl2 (S. Dyed) 640
7. Pblj (I. Dyed) 1040 ,
8. Ag (F. PonotratiOd) dev. H20a . 1165
f». Ag (S. Dyed) 900
10. Ag tP* Penetrated) dev. glucose 1200
1 1 . Ag (S. Dyed) lieo
——— -.................. .
taking the total intensity of the components i.e., (F„H-2 Fa+ F j) fot each angle, 
■ typical ■ Tesnlts obtained with eleven samples for one concentration, namely 
0*ft06 gm/100 eo., are given in Table III. :
Light Scait'criAg in 'Ceiluldse Awtat'^ J^ olufiiJtns
TABLE III
Depolarisation p„%, dissymmetry Z
m
Samples Dimen- 435sA 546lA r>79oA
No, flions 
* AU
43^ >8A 546iA 579oA
6
7
8 
9
10
11
560
430
960
1280
980
640
1040
1165
900
1200
1160
9.8
6.5
25.0
24.0 
33.3
8.7
25.0
29.0 
11.6 
28-9 
34.7
5.5 
6.1
21.6
19.6
30.6
9.5 
23.0
30.3 
9.3
27.3
28.7
7.0
6.4
24.4
24.0
26.4
8.5
27.0
29.0 
1 1 . 2
26.0 
31.2
4.08
2.1^ 4
1J3
1.06
2J&0
2*69
2.15
2.69
1.93
2.13
5.17 
4.94
3.18 
2.42 
2.46 
3.69 
3.01 
2.80 
3.37 
2.76 
2.90
3.59 
3.45 
2.35
1.60 
1.80 
2.80 
2.43 
2,09 
2.56 
1.95 
2.08
* Tot l^
intojiflity
for 5461A 
'zoro oonen.
190^^
90'’
I
1,55 
180 . 
185 
120 
130 
150 
130 
190 
170
5. D I 8 C X T S S T O N
Ti. is well known that the dissymmetry o f scattering arises from interferences 
due to interaction of waves scattered hy different ])arts.of .the molecule (intra- 
molecjuJar) and also due to the interaction between the waves originatiiig from 
different molecules (intermolecular).
The dependence o f dissymmetry on concentration assuming the liafd sphere 
model has been given in an axjproximate form hy Oster (1949) and Doty et ah
(1951). This can be written as Z  =  ^  j where Z q is the dissymmetry
at zero concentration. This equation can be extended to the case of'rods.
From the above equation it is evident that the presence of intermolecular 
effect is to increase the dissymmetry with wavelength and is proportional to
 ^ j Mommaerts (1951, 1957), Oster (1948, 1949). The presence of intra­
molecular effect is to decrease the dissymmetiy as the wavelength increases 
and is proportional to 1/A (Horn, et ah, 1951). At finite concentration these two 
effects will contribute to the total dissymmetry and hence the dispersion of dis­
symmetry may not be linear. This has been observed experimentally.
It is seen from the figure of dissymmetry against i /A ' for various values 
of S (Horn 1955) that for one value of Z, d increases as L/A' increases, i.o., S in-
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creases as A decreases at infinite dilution. But p , =  3^*/5+4i*. Therefore 
p, increases as A decreases. From the same figure we also note that for any one 
value of LjX dissymmetry increases as Pf decreases. Thus the variation of 
depolarisation factor p , with wavelength is opposite to the variation with wave­
length of d is s y m m ^ .
In Table II  are given the estimated values of the molecular length of eleven 
cellulose acetate samples. I t  is seen that the lengths of the dyed samples are 
in general greater than that of blank cellulose acetate sample. This increase 
in length of the dyed samples can be explained as a straightening of wavelike 
form of cellulose acetate chain as the dye penetrates into its pores. The lengths 
of the cellulose acetate molecules in fully penetrated sample and interior dyed 
sample are neariy the same but greater than that in surface dyed samples. In  
the case of sample 2, vide Table II, the micellar length comes out to be smaller 
than the corresponding values of the other samples. The depolarisation factor 
/?, is also the lowest for this sample. In the process of preparing the fully pene­
trated dyed sample, the micelles appear to have broken into smaller sizes.
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